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Introduction
In Central Europe's mountainous region, peatland Norway spruce (Picea abies L. Karst.) forests represent very valuable ecosystems with considerable importance for nature conservation. In spite of their location in the area of severe climatic conditions at upper climatic tree distribution limit, some of these forests have been significantly influenced with human use with aim to increase their timber production. A lot of peatland forests have been drained or used for opencast mining of peat.
Drainage as a mean of improving tree growth has been used extensively with positive results namely in Fennoscandinavia (paavilainen, päivänen, 1995) , thus much of the international knowledge about improved forest growth on peatlands after drainage is based on results from the Nordic countries and Russia (guSTavSen et al., 1998) . Drainage aerates part of the peat, resulting in a faster decomposition rate, which enables increased nutrient mineralization, which favour the tree growth (Moilanen et al., 2012) . Like-. Likewise, drainage might increase stand stability and stimulate radial stem growth, since water-logging in the soils cause worsened anchoring of trees due to higher occurrence of root decay and low cohesion between the soil particles and root surface (roTTMann, 1989) .
However, at the same time, forest drainage has negative effect on original ecosystems. Drainage lowers the water table, increase soil temperature (liefferS, rothwell, 1987) , change water quality and increase pH soil values (prévoST et al., 1999) . Increased frequency and quantity of runoff peaks increases erosion and suspended sediment transport from treated areas (MarTTila, klove, 2010; Marttila et al., 2010) . Hydrological study on effect of drainage sug-. Hydrological study on effect of drainage suggested that the highest peak flows could be increased by drainage in cases of intensive rainstorms in catchments with already high (close to the soil surface) groundwater level (iritZ et al., 1994) .
Wetlands are known to be very sensitive to disturbance and the environmental impacts of management practices on wetlands must be considered before forest drainage becomes widespread (prévoST et al., 1999) . In order to preserve these unique ecosystems, many of the remaining peatlands are protected on the national level or as NATURA 2000 site (ecological network of protected areas in the territory of the European Union).
The area of the Ore Mountains (the Krusne hory Mountains), in the western Czech Republic, thanks to its favourable morphology and climatic conditions, offers several valuable peat complexes surrounded with wet mountain spruce forests dominated by Norway spruce with a number of critically threatened species of plants and animals. The downward trend of pollutants since the nineties enabled a significant improvement of growth conditions for original tree species and ecosystems.
Dendrochronological and dendroecological studies on trees growing on peatlands in Europe are not many (badorek et al., 2011; cedro, laMenTowicZ, 2008 cedro, laMenTowicZ, , 2011 hokka et al., 2012) .
The area of the National Natural Reserve Božídarské rašeliniště peat bog includes peatland forest stands of various ages and therefore enables to study natural growth dynamics and effects of human impacts represented mostly by drainage of these stands changing its hydrological conditions.
The goal of this study was to analyze the growth development of peatland Norway spruce forests in this area in order to acquire better understanding of its dynamics and history. The specific objective was to test the null hypothesis: in forest stands older than 100 years in the moment of drainage, mean tree-ring indices of the control-site and the drained-site are equal. The assumption was that the soil drainage is expected to stimulate stem growth, including larger radial increment. 
Materials and methods

Study Area
The study was conducted in the area of the National Natural Reserve Božídarské rašeliniště peat bog in the Ore Mountains (the Krusne hory Mountains), in the western Czech Republic (Fig. 1) .
For the study, based on forest management maps and aerial photographs, two stands with similar ecological conditions and age structure were selected to meet the requirements for a site homogeneity, which largely determines the quality of the chronology (cook and kairiukSTiS, 1990 et al., 2007) .
The control site (50°24'39.0''N 12°53'40.3''E), situated on a slight north-facing slope (5°), 993 m a.s.l., is located directly in the National Natural Reserve Božídarské raše-liniště peat bog and based on available forest management plans and observation on the field, it was not drained during last 50 years, likely never during the existence of the actual trees. On the other hand, the affected site (50°25'08.7''N 12°53'31.4''E), on a slight south-facing slope (2°), 980 m a.s.l., is located outside the border of the National Natural Reserve. In the year 1992, the water regime of the drained site was substantially altered due to construction of numerous drainage ditches with aim to improve tree growth.
Data Sampling
Dendrochronological analysis was performed at the turn of June-July 2012 on two 0.25-ha square sampling plots (50*50 m). The plots were located randomly before going into the field by using GPS coordinates using aerial photographs and actual forest management plans. The each 0.25-ha plot was divided into 25 cells (10*10 m) for systematic sampling of the trees nearest to its centre. A total of 50 samples were collected (25 samples from each plot). The selected trees were cored with a Pressler increment borer at breast height (1,3 m), one core per tree, but the direction of coring was randomly changed to balance possible irregularity in its thickness growth (šMelko, 1982) . A diameter of each tree at breast high (DBH) was measured. Visibly damaged and suppressed trees were avoided to reduce the variability owing to competition (cook, kairiukSTiS, 1990). However, suppressed trees are very rare given the open structure of peatland forests with trees growing at their upper climatic distribution limit. The cores were put in the straw and labelled.
Data analysis
In the laboratory, the increment cores were extracted from the straws, attached to the wooden holder and numbered. In total 47 undamaged cores (25 from the control site and 22 from the affected site) were prepared for measurement and visual analysis using the sanding method (the surface of cores was sanded with a rotary-sanding tool using a grit size 280) (cook and kairiukSTiS, 1990). The visual analysis was made by identifying narrow marker years (yaMaguchi, 1991), since narrow rings are more important because these rings often record limiting environmental factors (Speer, 2010) . Annual ring widths were measured to the nearest 0,01 mm and cross-dated with image analysis using software WinDENDRO 2009b (RIC and Inc.) 2009). Virtual skeleton plots and graphical comparisons against a mean chronology were used to cross-date images of increment cores (Maxwell et al., 2011) . The quality of data was verified with COFECHA software (holMeS, 1983), which provides a statistical match between segments of each core and the master chronology that is made of the measurement that are entered into a program (Speer, 2010) . The data analysis and statistics was performed using software package STATISTICA 10 (StatSoft 2010). At first, the age trends from the raw chronologies were removed to obtain a raw of stationary tree-ring indices by dividing each measured ring width by its expected value (FrittS, 1976) . The expected value was calculated using the Korf´s increment function (korf, 1939) . Then, the index series, separately of each sampling plot, were averaged together to form two mean-value functions of the ring indices. We used the independent two sample t-test to verify the null hypothesis that the mean treering indices of the control-site and the drained-site in the period 1985-2011 are equal. Moreover, in order to smooth out possible short-term fluctuations in our two time series in this period we used 5-year and 10-year moving average to highlight possible longer-term trend of the tree-ring indices. Fig. 2 (a) . Chronological development (drained vs. control site) of the mean tree-ring widths and sample size (number of tree-ring series) Fig. 2 (b) . Chronological development (drained vs. control site) of the mean tree-ring index and sample size (number of tree-ring series) 
Results
The chronological development (drained vs. control site) of the mean tree-ring widths, the mean tree-ringindex and sample size (number of tree-ring series) on which the mean-value functions of the ring widths and indices were developed - Figure 2(a),(b) , show in the period after 1940 very similar radial-growth trends. The variability of growth representing the period prior to 1940 can be attributed to reduced sample size (the period prior to 1910). Likewise, the different variability of age structure (drained vs. control site) indicates diverse regeneration conditions on individual stands -an undergrowth origin of the drained site vs. an open-growth origin of the control site. The data analysis revealed the time span of samples, average number of treerings and its variability ( Table 2 ). The impact of drainage is analysed in detail of the period 1985 -2011 in Figure 3 (a) , which shows the standartized mean tree-ring index (drained vs. control site) in this period. However, the radial-growth trends show in their development after the year 1992 very similar without an evident impact of drainage to the tree growth. Furthermore, we used the moving average to smooth out possible shortterm fluctuations in our two time series in this period to highlight possible longer-term trend of the tree-ring indices, as shown in Figure 3 (b) : 5-year moving average and in Figure 3 (c): 10-year moving average. Likewise, with use of moving averages, there is not a sign of significant change in the tree growth on the drained site vs. the control site. Table 3 . Results of independent two sample t-test in detail of the period 1985-2011 (t -value, p -value, df = 45) The result of the independent two sample t-test for the period of 1985-2011 has not revealed any substantial statistically important difference in the mean index between the control site and drained site (Table 3) .
Discussion
Our results not revealed any statistically important difference in tree growth between the unaffected control site and drained site after the year 1992. In naturally forested peatlands and wetlands, tree growth is generally dependent on hydrological variations because the high water table level significantly limits tree growth (Macdonald, yin, 1999) . Thus, drainage of peatlands for forestry purposes aims at removing the restrictive role of naturally high water table levels on tree growth (hokka et al., 2012) . Alteration of the hydrological regime causes lowered groundwater levels, shifts between evapotranspiration and evaporation and gradual changes, such as an expanded root zone, increased interception, etc. (iritZ et al., 1994) . In one study of tenth-year growth and yield improvements of black spruce in a forested Ontario peatland, the Wally Creek area, a response to drainage took about five to seven years (Mclaren, JegluM, 1998) . Even though hydrological con-. Even though hydrological conditions of our drained site had been significantly altered, this fact did not enhanced tree growth in following 7-years period compared to the control site.
One important limiting factor might be the age of a forest stand at the time of drainage. Some older studies carried out in the former USSR by piawcZenko, Sabo, 1962 (Socha, 2012 indicated, that Norway spruce may still respond to drainage at ages over 100 years. In the study of growth of black spruce, a response occurred primarily in trees that were young to middle-aged at the time of drainage (Macdonald, yin, 1999) . In case of Scots pine, it was found that the asymptote for height growth is a function of stand age and the timing of drainage (hokka, oJanSuu, 2004) . Based on one study focused on a long-term effect of wetland drainage on the productivity of Scots pine in Poland, the effect of drainage depended primarily on the age of the stand at the time of drainage; a positive growth response (i.e., an increase in height) was observed in stands that were younger than 45-50 years at the time of drainage; stands older than 50 years at the time of drainage were assumed to be unaffected (SoCha, 2012) . In our study, the affected site was drained in the year 1992, at the time when the average age of the stand, based on the collected samples, reached 105-110 years. This average age is in line with the age stated in related forest management plan, which indicates the average age of 110 years. The result of our study has not revealed the ability of Norway spruce to respond to drainage at ages over 100 years.
Another important limiting factor might be the fact, that the response of trees to drainage is influenced with a capability of a tree to utilize deeper soil layers with its root system (Schweingruber, 2007) . From the comparison of Norway spruces growing on the well-drained and poorly drained sites resulted, that the root systems were two times shallower in poorly drained sites than in well-drained ones and the horizontal development of root biomass was detrimental to roots penetrating vertically (root systems in these sites were broader by one-third units than those in well-drained sites) (konôpka, 2002) . Likewise, trees grown on wet sites need larger root systems for oxygen and nutrient uptake (Tobin et al., 2007) and have larger belowground biomass expressed on stem diameter at waterlogged than well-drained soils (konôpka et al., 2010) . Thus, drainage of soil is assumed to stimulate stem increment owing to increased ration for carbohydrates allocation between stem and root system. However, the weak reaction of threes to soil drainage in our study could be limited with the fact, that in the average age of 105-110 years, trees were not already able to adapt their root systems to modified water table level.
At both sites, there is evident a significant growth reduction between the years 1970 -1980 as well as the following recovery of growth and the rapid increase of the mean radial increment, which might be attributed to the increase and following significant reduction of SO 2 emission and climate change. A recent study of silver fir (Abies alba Mill.) in Southern Germany provided clear evidence that SO 2 -immissions play a key role in such decline and that tree growth corresponds with the regional and temporal pattern of SO 2 pollution (elling et al., 2009) . In another study in Harz Mountains in Germany, SO 2 pollution caused reduced tree-ring width in Norway spruce (Picea abies L. Karst.) and a rapid recovery of stem growth after the reduction of SO 2 emission (hauck et al., 2012) . The recent climate-growth relationships of silver fir (Abies alba Mill.) was investigated in the Western Carpathians in Slovakia as well (bošeľa et al., 2014) . The results of this study provide clear evidence of significant increase of silver fir's radial increment over the entire Western Carpathian area since 1970 -1980 and the assumption that the most probable factors behind the rapid recovery of tree radial increment were reductions in emissions of NO 3 and SO 2 , alongside a significant increase in mean June, July and April temperatures.
The data analysis in our study further indicated, that trees situated on the drained site have obviously a higher average annual radial increment during their existence. Due to the fact, that even very small differences in the site condition influence growth (Schweingruber, 2007) , we can attribute this variance to a slightly different terrain conditions and stand exposure: while the control site has the northern exposure, the drained site benefits from its southern exposure. Moreover, the area of the drained site was historically under stronger anthropogenic influence, hence we estimate other interventions in its hydrological conditions somewhere around 1930, in spite of exact historical records are not available. Thus, the drained site might benefit over a long period from lower water table level. Generally, it is possible to assume that young to middle-aged trees respond better to drainage and build a deeper root system, which is an advantage in the period of drought like in the year 2003 (Meteorological Station Fichtelberg, Deutscher Wetterdienst) , when the recent differences between the mean tree-ring width started.
Conclusions
The mean-value functions of the ring indices, comparing the affected site with the control site, showed in the period after 1940 very similar radial-growth trends. In the year 1992, the water regime of the drained site was substantially altered due to construction of numerous drainage ditches with aim to improve tree growth. However, the radial-growth trends show in their development after the year 1992 very similar radial-growth trends without an evident impact of drainage to the tree growth. In order to smooth out possible short-term fluctuations, we used 5-year and 10-year moving average to highlight possible longer--term trend of the tree-ring indices. Likewise, there is not a sign of significant change in the tree growth on the drained site vs. the control site. The result of the independent two sample t-test has not revealed any substantial statistically important difference in the mean index between the control site and drained site.
The obtained results are a source of further information in order to understand better the growth dynamics of peatland Norway spruce forests to be able to manage effectively its protection. At the same time, the study shows, that human intervention in such ecosystems should be beforehand carefully analyzed from different point of views, because not always bear expected results. In further study at the field the following effect to be analysed: the impact of drainage response in trees young to middle-aged at the time of drainage; the effects of soil drainage to tree stability and health status; influence of climate variables and air pollutants to the growth of trees.
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